T o explore the role of digalactosyldiacylglycerol
Introduction
Phosphate deficiency is a common nutritional problem faced by plants in many habitats worldwide. T o cope with low phosphate availability plants evolved numerous mechanisms [l] . It has been shown that phosphate deficiency during growth strongly affects the membrane lipid composition by reducing the relative proportions of the phospholipids phosphatidylglycerol (PG), phosphatidylcholine (PC) and phosphatidylethanolamine in both photosynthetic bacteria [2, 3] Key words: dgdl mutant, fatty acid, lipid-substitution hypothesis, phospholipid. Abbreviations used: DGDG, digalactosyldiacylglycerol ; PG, phosphatidylglycerol; PC, phosphatidylcholine : SQDG, sulphoquinovosyldiacylglycerol. ' To whom correspondence should be addressed (e-mail benninga pilot.msu.edu). Total content of inorganic phosphate in leaf and root tissues was determined as described in [4] . Lipids were extracted and analysed as described previously [6] . were found in the absence of inorganic phosphate in the growth medium in both wild type and dgdl mutant, respectively. Growth was reduced to the same extent in wild type and dgdl mutant in the absence of inorganic phosphate; however, on a fresh-weight basis the total amount of lipids was found to be unchanged as compared with plants grown in the presence of inorganic phosphate (results not shown).
Materials and methods

Results and discussion
Upon phosphate deprivation, all phospholipids in leaves were found to be reduced, whereas the relative amounts of the non-phosphorous S Q D G and D G D G increased in both wild type and dgdl mutant (Figure 1 ). There is a %fold accumulation of D G D G in the phosphatedeprived dgdl mutant, whereas D G D G in the wild type increased 2.1-fold. T h e relative proportion of M G D G (monogalactosyldiacylglycerol), the precursor for D G D G biosynthesis, remained constant. Regardless of the differences in D G D G , both phosphate-deprived wild type and dgdl mutant show an inverse relationship in the relative amounts of P G and SQDG, providing corroborating evidence that changes in the two anionic lipids may be directly related [4, 5, 9] . Given that in the dgdl mutant a TAA (stop) codon within the dgdl T h e act2 mutant of A. thaliana is deficient in the activity of the chloroplast acyl-acyl carrier protein-sn-glycerol-3-phosphate acyltransferase, which results in an almost complete block of the prokaryotic pathway [12] . Growing the mutant on the same phosphate-deprived medium as the wild type yields a similar %:-fold increase in the D G D G content (Figure l) , indicating that D G D G synthesized under conditions of phosphate limitation is independent of the prokaryotic pathway.
In phosphate-deprived roots, virtually no difference in the lipid pattern between wild type and dgdl is evident, yielding a similar wg-fold D G D G increase (Figure 2) . Thus, phosphateinduced changes in the lipid composition are not restricted to leaves, but extend also to nonphotosynthetic tissues.
Information about the origin of galactolipid molecules can be derived from the fatty acid composition. T h e fatty acid composition of D G D G reveals striking differences between wild type and the dgdl mutant ( Table 1 ). An (Figures 1 and 2) , it is tempting to assume that D G D G synthesized upon phosphate limitation is compensating for the decrease in PC. Given the fact that both D G D G and PC are neutral lipids with bilayer-forming characteristics, whereas PG is negatively charged and phosphatidylethanolamine has non-bilayerforming characteristics, the hypothesis that DGDG is substituting for PC upon phosphate deprivation seems to be further supported. This notion would also imply that at least part of D G D G synthesized upon phosphate deprivation is located outside of the chloroplast, for which evidence is accumulating [13] .
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